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DIRECTIONAL W I N D  COMPONENT FREQUENCY ENVELOPES 
CAPE KENNEDY, FLORIDA, ATLANTIC MISSILE RANGE 

Orvel E. Smith and Glenn E. Daniels 

SUMMARY 

Direc t iona l  Wind Component Frequency Envelopes f o r  Cape Kennedy, 
F lor ida ,  based on the  "windiest monthly period" concept, are presented 
i n  t h i s  r epor t  fo r  use in  s t r u c t u r a l  and cont ro l  s tud ie s  i n  the design 
of aerospace vehicles .  

I. INTRODUCTION A 
This r epor t  i s  a f i r s t  attempt t o  present  da ta  fo r  use i n  develop- 

ing idea l ized  wind component p r o f i l e s  analogous t o  the  syn the t i c  wind 
speed p r o f i l e s  which a r e  present ly  being used fo r  aerospace veh ic l e  
design c r i t e r i a  by most organizations.  
s t rong  wester ly  winds i n  winter  and r e l a t i v e l y  l i g h t  but  p e r s i s t e n t  
e a s t e r l y  winds i n  summer i n  the  troposphere over Cape Kennedy, some 
p o t e n t i a l  ga in  i n  s t r u c t u r a l  and cont ro l  system design requirements may 
be r e a l i z e d  by using d i rec t iona l ized  syn the t i c  wind p r o f i l e s  ins tead  of 
t he  present  nondirect ional  wind speed syn the t i c  prof i les .*  
of a design ga in  depends upon the f l i g h t  azimuth r e s t r i c t i o n s  imposed 
on the  veh ic l e  and the  response c h a r a c t e r i s t i c s  of a given veh ic l e  con- 

Due t o  the  predominance of 

The exten t  

f i gu ra t ion .  

* See MTP-AERO-63-8, "Natural Environment ( C l i m a t i c )  Criteria Guide- 
l i n e s  f o r  use i n  MSFC Launch Vehicle Development, 1963 Revision," 
January 28, 1963. 



11. DESCRIPTION OF BASIC DATA 

The b a s i c  da ta  used t o  p r e p a r e  these  graphs and t a b l e s  c o n s i s t  of 
s ix  years  of rawinsonde wind da ta  (1956-1961) which w e r e  s e r i a l l y  com- 
p le ted  (missing da ta  in se r t ed  by in t e rpo la t ion ,  ex t r apo la t ion ,  o r  use  of 
da t a  from nearby s t a t i o n s )  by profess iona l  meteoro logis t s  of t he  National 
Weather Records Center. Wind speed and d i r e c t i o n  are given f o r  each kilom- 
eter of a l t i t u d e  from the  sur face  t o  27 ki lometers .  Therefore,  t he  s ta-  
t i s t i ca l  values  quoted are with re ference  t o  t h i s  b a s i c  set of wind p r o f i l e  
measurements made twice d a i l y  f o r  a per iod of s ix  years.  The da ta  do not  
include the  turbulence and h igh  frequency component of t h e  ver t ica l  wind 
p r o f i l e ,  and therefore  
p r o f i l e  character  i s  t i c s .  

represent  t he  "steady state" p a r t  of t he  t r u e  wind 

111. PREPARATION OF GRAPHS AND TABLES 

The wind speeds an.d d i r e c t i o n s  w e r e  resolved t o  components w i th  
r e spec t  t o  a ro t a t ing  orthogonal coordinate  system which w a s  r o t a t e d  i n  
increments of 15 degrees. By convention, a t  Marshall  Space F l i g h t  Center 
t h e  p o s i t i v e  longi tudina l  and negat ive  longi tudina l  wind components are 
considered as t a i l  wind and head wind components, respec t ive ly .  S imi la r ly ,  
t he  p o s i t i v e  and negat ive la te ra l  wind components are  r igh t - c ros s  and l e f t -  
c ross  wind components, respec t ive ly .  Since the a lgeb ra i c  s ign  of the wind 
components with respect t o  the orthogonal planes are r e t a ined ,  unbounded 
frequency d i s t r i b u t i o n s  a r e  obtained. Cumulative percentage frequencies  
are  computed. Then, the numerical va lues  of the  longi tudina l  and l a t e ra l  
wind components corresponding t o  the  cumulative percentage frequencies  of 
30, 50, 90, 95, and 99 and the complements of these  frequencies  ( i .e . ,  1, 
5, 10, 50, 70%) are calculated.  These operat ions produce va lues  of  t h e  
t a i l  and r igh t - c ros s  wind components a t  s t a t e d  cumulative percentage f r e -  
quencies and the va lues  of the  head and l e f t - c r o s s  wind components are 
obtained from the complements of the  s t a t e d  cumulative percentage f r e -  
quencies. The va lues  of the  wind components ( i n  m/sec) corresponding t o  
t h e  cumulative percentage frequencies  are c a l l e d  pe rcen t i l e s .  The rela- 
t i o n  between pe rcen t i l e s  and p r o b a b i l i t y  follows immediately: Given t h a t  
t he  90th pe rcen t i l e  of t he  wind component i s  say,  68 m/sec means t h a t  t he re  
is a p robab i l i t y  of 0.90 t h a t  t h i s  va lue  of the wind component w i l l  not  be  
exceeded and there  i s  p robab i l i t y  of 0.10 t h a t  i t  w i l l  be  exceeded f o r  t h e  
s e t  of da t a  from which the  p e r c e n t i l e  was  computed. 
There i s  a 90% chance t h a t  the  given wind component w i l l  not  be exceeded 
or  t he re  i s  a 10% chance t h a t  i t  w i l l  be exceeded. I f  one considers  t he  
10th and 90th pe rcen t i l e  f o r  the  wind components, i t  i s  c l e a r  t h a t  80% of 
t h e  wind components occur wi th in  t h e  10-90 p e r c e n t i l e  range. 

S ta ted  i n  another  way: 



The p e r c e n t i l e s  were computed f o r  t h e  wind components a t  one 
ki lometer  a l t i t u d e  i n t e r v a l s  from t h e  su r face  t o  27 kilometers f o r  
each monthly period. Envelopes for  t he  monthly p e r c e n t i l e s  were con- 
s t r u c t e d  f o r  a l l  a l t i t u d e  l e v e l s .  
envelopes, envelopes were constructed which enclosed a l l  monthly per- 
c e n t i l e  envelopes and idea l i zed  by l i n e a r  segments f o r  t h e  5 t o  6 ,  10 
t o  14, and 18 t o  20 ,k i lometers  a l t i t u d e  i n t e r v a l s .  These idea l i zed  
wind component envelopes f o r  the several p e r c e n t i l e s  are presented 
f o r  the d i s c r e t e  a l t i t u d e s  5 to  6 kilometers,  10 t o  14 kilometers,  and 
18 t o  20 k i lometers  i n  Figures 1, 2, and 3 and Tables I, 11, and 111. 
The 99 p e r c e n t i l e  envelope f o r  each of t he  th ree  a l t i t u d e  i n t e r v a l s  
i s  i l l u s t r a t e d  i n  Figure 4. Similarly,  t h e  95 p e r c e n t i l e  envelope i s  
shown i n  F igure  5. 

From these  monthly p e r c e n t i l e  

IV. WINDIEST MONTHLY REFERENCE PERIOD CONCEPT 

A s  used i n  t h i s  document, the wind da ta  f o r  the various p e r c e n t i l e s  
r e f e r  t o  t h e  "windiest monthly period." 
va lues  w e r e  computed f o r  t he  given 
o r  p r o b a b i l i t x  levels f o r  each of t he  twelve monthly per iods  represented  
by t h e  six years  of data ,  i.e. , s i x  Januar ies ,  s i x  Februaries,  e t c .  
The maximum wind speed va lue  of a l l  t he  twelve monthly per iods  w a s  
s e l e c t e d  f o r  each pe rcen t i l e ,  as noted i n  Section 111. 
a wind speed va lue  f o r  each 15 degrees of azimuth, f o r  a given p e r -  
c e n t i l e ,  no t  exceeded by the  observations f o r  t he  "windiest monthly 
period." Obviously, t h e  wind speed va lues  f o r  a given p e r c e n t i l e  
envelope may come from d i f f e ren tmon ths ,  depending on the s t r e n g t h  and 
p e r s i s t e n c e  of t he  wind speeds for t h e  var ious  azimuths. 

This means that t h e  wind speed 
cumulative percentage frequencies 

This produced 

The philosophy is t o  produce a set of s ta t is t ics  such t h a t  t h e  
maximum wind component va lue  f o r  a given p e r c e n t i l e  may be  r e a d i l y  
determined f o r  a given azimuth, based on a windies t  monthly r e fe rence  
per iod  concept. It is the re fo re  ev ident  t h a t ,  i n  genera l ,  only one 
monthly per iod  w i l l  cont ro l  t h e  se l ec t ed  component wind speed va lue  
f o r  a given azimuth and percent i le .  For the o the r  eleven monthly 
per iods ,  a smaller va lue  of the wind component w i l l  e x i s t .  However, 
where there is concern f o r  insuring t h a t  the l a r g e s t  wind component 
va lue  f o r  a given p e r c e n t i l e  during a monthly per iod is  determined, 
this type of p re sen ta t ion  insures  s e l e c t i o n  wi th  a minimum e f f o r t .  

V. USE OF DATA 

I n t e r p r e t a t i o n  of t he  da t a  from t h i s  r e p o r t  i s  as follows. Wind 
component envelopes f o r  cumulative percentage f requencies  of 30%, 
50%, 75%, 90%, 95%, and 99% are provided f o r  t h r e e  a l t i t u d e  regions: 
5 t o  6 km (Figure 1 and Table I), 10 t o  14 km (Figure 2 and Table 11) 
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and 18 t o  20 km (Figure 3 and Table 111). The graphs and t a b l e s  may 
be  used t o  answer the following type question: For a g iven  f l i g h t  
azimuth - say t o  105 degrees east  of no r th  a t  an  a l t i t u d e  between 
10 and 14  km - what is the  head, t a i l ,  r i gh t - c ros s  o r  l e f t - c r o s s  wind 
component which w i l l  no t  be  exceeded 95 percent  of t he  time f o r  t h e  
windies t  monthly period? For t h i s  case the re  i s  a 95 percent  chance 
t h a t  a head wind w i l l  no t  exceed 21 m/sec; f o r  the  r igh t - c ros s  i t  i s  
50 m/sec; for  t he  t a i l  wind it i s  73 m / s e c ;  and f o r  t h e  l e f t - c r o s s  
wind it i s  25 m / s e c  (see Figure 2). Similar  quest ions can b e  answered 
f o r  any given f l i g h t  azimuth wi th  r e spec t  t o  t h e  wind component magni- 
tudes i n  var ious a l t i t u d e  regions.  S imi la r ly ,  with r e spec t  t o  t h i s  
graph, information can be obtained for’ those veh ic l e s  which are c r i t i c a l  
t o  quarter ing winds - t h a t  i s ,  f o r  a f l i g h t  azimuth of 105 degrees,  a t  
10 t o  14 km a l t i t u d e  region,  i t  might be determined that a wind com- 
ponent ac t ing  from 240 degrees and 330 degrees might be  the  most 
c r i t i c a l .  For t h i s  case,  t he re  i s  a 95 percent  chance t h a t  the  r i g h t  
quar te r ing  wind component w i l l  n o t  exceed 7 3  m / s e c  and t h e  l e f t  quar te r -  
ing wind component 50 m / s e c .  

I If information is  required f o r  a l t i t u d e s  between those given,  
l i n e a r  i n t e rpo la t ion  may be used as follows t o  ob ta in  a f i r s t  approxi- 
mation: 

a. To f ind  the  head wind va lue  a t  8 km a s soc ia t ed  wi th  the  
95 percent  va lue  f o r  a 105 degree f l i g h t  azimuth, t he  
95 percent  value f o r  5 t o  6 km i s  9 m/sec (see Figure 1) 
and fo r  10 t o  14 km (10 km) i s  2 1  m/sec (see Figure 2) ;  
therefore ,  by i n t e r p o l a t i o n  

(1: 1 :) (21 - 9) + 9 = 6 + 9 = 15 m/sec. 

Note t h a t  the bottom of t h e  10 t o  14 lan a l t i t u d e  wind 
zone i s  used, s ince  t h i s  i s  t h e  maximum wind zone; and 
a l l  v e l o c i t i e s  are assumed the  s a m e  i n  t h i s  zone, f o r  
the purpose of t h i s  ca l cu la t ion ,  a t  given p r o b a b i l i t y  
leve ls .  

b. To f i n d  a wind value between the  10 t o  14 km and 18 t o  
20 km region, i n t e r p o l a t i o n  w i l l  be made between 14 km 
and 18 km. 

c. In t e rpo la t ion  should be  performed only wi th in  one plane,  
t h a t  i s ,  with respect t o  a l t i t u d e  and wind component. 
In t e rpo la t ions  between a l t i t u d e  and wind components 
along d i f f e r e n t  azimuths are no t  v a l i d .  



It should be pointed out  t h a t  t he  graphica l  s c a l e s  of wind speed 
vary  between the graphs. 
most u se fu l  form. 
speeds on the  same s c a l e  so t h a t  the r e l a t i v e  wind speeds f o r  the va r ious  
a l t i t u d e  levels can be  compared. 

This was necessary t o  present  the da t a  i n  the 
Figures 4 and 5 show the  99% and 95% p e r c e n t i l e  wind 

VI .  CONCLUDING REMARKS 

These da t a  should be employed i n  veh ic l e  s t u d i e s  with caution. 
The Aero-As trophysics Off i c e  of the Aero-As trodynamics Laboratory, 
should be  contacted before any f i n a l  dec is ions  are made on design pro- 
blems using t h i s  information t o  insure proper i n t e r p r e t a t i o n s  of these  
data .  

The da ta  presented i n  t h i s  paper are e s s e n t i a l l y  an extension and 
updating of similar da ta  presented i n  a number of i n t e r n a l  MSFC o f f i c e  
memoranda* on f l i g h t  azimuth r e s t r i c t e d  wind component values.  
fe rences  i n  the  numerical va lues  t h a t  appear i n  t h i s  r e p o r t  from those 
i n  t h e  o f f i c e  memoranda are due pr imar i ly  t o  use of t he  r e c e n t l y  com- 
p l e t e d  six-year s e r i a l l y  complete da t a  dect.  
t a ined  h e r e i n  are " i n t e r n a l l y  consistent." I n  o the r  words, t h e  o v e r a l l  
s t a t i s t i c a l  ana lys i s  f o r  a l l  f l i g h t  azimuths was  taken i n t o  cons idera t ion  
r a t h e r  than one s p e c i f i c  azimuth. 
document seldom exceeded a d i f f e rence  of 4 m/sec from previously published 
data. 

The d i f -  

I n  add i t ion ,  t he  da t a  con- 

The wind speed da ta  contained i n  t h i s  

7'r For example t h e  following MSFC I n t e r n a l  O f f i c e  Memoranda are c i t ed :  

M-AERO-G-23-61, "Annual Component Wind Speed Envelopes f o r  100 
Degrees F l i g h t  Azimuth a t  Cape Canaveral, F lor ida ,"  A p r i l  4, 19641. 

M-AERO-G-26-61, "Annual Component Wind Speed Envelopes (1 t o  80 km 
Al t i tude )  f o r  100" F l i g h t  Azimuth a t  Cape Canaveral, F lor ida ,"  
A p r i l  4, 19641. 

M-AERO-G-3-62, " I n f l i g h t  Wind Design Criteria f o r  t he  OAO and EGO 
Launch Vehicle," March 21, 1962. 

M-AERO-G-4-62, "Amendment to  Atmospheric Design C r i t e r i a  f o r  t he  
3-Stage Atlas/Centaur/Surveyor Bus Vehicle f o r  Advent Missions," 
A p r i l  9, 1962. 

M-AERO-(2-6-62, " I n f l i g h t  Wind Design C r i t e r i a  f o r  P r o j e c t  F i r e  
Vehicle (F l igh t  Reentry Research P ro j  & High)," A p r i l  20, 1962. 
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M-AERO-G-19-62, "Frequency of Head and Tailwinds f o r  F i r ing  Azimuth 
of 100 Degrees, and Pers i s tence  of Wind i n  the  10-14 km A l t i t u d e  
Layer f o r  Cape Canaveral, F lor ida ,"  J u l y  31, 1962. 

M-AERO-G-20-62, "Ideal ized Monthly 84, 90, 95, and 99% Component 
Wind P r o f i l e  Graphs, Cape Canaveral, 95" - 115" F l i g h t  Azimuth," 
August 3, 1962. 

M-AERO-G-34-62, "Ideal ized Wind Component P r o f i l e  Envelopes (95 t o  
115 Degrees F l i g h t  Azimuth) f o r  Range Safety Analysis," October 16, 
1962. 

M-AERO-Y Memorandum f o r  Record, "Direct ional  Wind Component Fre- 
quency Envelopes f o r  T i t an  II-Centaur Studies, ' '  June 6, 1963. 

6 



TABLE I 

ENVELOPES OF IDEALIZED MONTHLY WIND COMPONENT (HEAD, TAIL ,  RIGHT-CROSS 
AND LEFT-CROSS) FREQUENCY.DISTRIBUTIONS, FOR 5 t o  6 KILOMETERS ALTITUDE, 

AS A FUNCTION OF FLIGHT AZIMUTHS, CAPE KEN"NDY,FLORIDA 
BASED ON WINDIEST MONTHLY REFERENCE PERIOD CONCEPT 

A z i m u t h *  

0 
15 

30  
45  
60  
7 5  
90 

105 

120 
135 
150 
165 
180 
195 

210 
225 
240 
255 
27 0 
285 

300 
315 
330 
345 
360 

3 0% 

1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
2 
5 

7 
11 
14 
16  
16  
15  

14 
9 
5 
2 
1 

50% 

2 
2 

2 
3 
3 
3 
3 
3 

2 
2 
2 
2 
5 

10 

1 2  
16  
19  
21 
21 
20 

1 9  
14 
10  

5 
2 

Percentiles 

75% 90% 
( m e t e r s / s e c o n d )  

6 1 0  
5 8 

4 7 
4 7 
5 7 
6 8 
6 8 
5 7 

4 6 
3 6 
3 6 
4 8 
8 1 6  

17 25 

20 28 
24  32 
27 36 
29 38 
29 38 
27 34 

26 34  
22 29 
17 24 
10  15 

6 1 0  

95% 

14 
11 

9 
9 
9 
9 
9 
9 

8 
8 
9 

11 
22 
30 

34  
39 
42  
44 
44  
41 

40 
35 
29 
19  
14 

99% 

22 
1 8  

15  
13  
1 2  
1 2  
1 2  
1 2  

1 2  
1 3  
15 
21 
35 
40  

46 
5 1  
53  
56 
56 
53 

48 
44 
35 
27 
22 

* D i r e c t i o n  f r o m  w h i c h  w i n d  c o m p o n e n t  is  b l o w i n g .  
R e f e r e n c e d  c l o c k w i s e  f r o m  true north.  
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TABLE I1 

ENVELOPES OF IDEALIZED MONTHLY WIND COMPONENT (HEAD, TAIL, RIGHT-CROSS, 
AND LEFT-CROSS) FREQUENCY DISTRIBUTIONS FOR 10 t o  14 KILOMETERS ALTITUDE, 

AS A FUNCTION OF FLIGHT AZIMUTHS, CAPE KENNEDY, FLORIDA 
BASED ON WINDIEST MONTHLY REFERENCE PERIOD CONCEPT 

Azimuth* 

0 
15 

30 
45 
60 
75 
90 

105 

120 
135 
150 
165 
180 
195 

210 
225 
240 
255 
27 0 
285 

300 
315 
330 
345 
360 

3 0% 

2 
4 

4 
4 
4 
4 
0 
2 

2 
0 
0 
0 
1 

1 2  

17 
26 
34 
39 
41 
37 

31 
23  
15 

6 
2 

5 0% 

6 
7 

8 
8 
8 
7 
6 
4 

3 
1 
1 
1 
5 

20 

25 
33 
42 
46 
47 
44 

38 
31 
21 
11 

6 

P e r c e n t i l e s  

7 5% 90% 
(meters/second) 

14 
1 2  

1 2  
13 
14 
1 2  
13 
10 

7 
5 
4 
4 

1 2  
30 

36 
47 
56 
57 
56 
53 

49 
40 
31 
21  
14 

24 
19 

1 7  
18 
20 
18 
1 9  
1 7  

1 2  
10 
10 
1 3  
23 
40 

48 
57 
67 
68 
67 
65 

60 
51 
42 
33 
24 

95% 

31 
25 

21  
22 
24 
21  
22 
21 

16 
15 
15 
22 
33 
50 

58 
66 
73 
75 
74 
7 3  

69 
59 
50 
41 
31 

9 9% 

40 
32 

28 
30 
30 
26 
26 
26 

26 
27 
30 
45 
54 
66 

76 
86 
93 
97 
95 
89 

79 
68 
60 
50 
40 

* Direc t ion  from which wind component i s  blowing. 
Referenced clockwise from t r u e  north.  
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TABLE I11 

ENVELOPES OF IDEALIZED MONTHLY W I N D  COMPONENT (HEAD, TAIL,  RIGHT-CROSS, 
AND LEFT-CROSS) FREQUENCY DISTRIBUTIONS FOR 18 t o  20 KILOMETERS ALTITUDE, 

A S  A FUNCTION OF FLIGHT AZIMUTHS, CAPE KENNEDY, FLORIDA 
BASED ON WINDIEST MONTHLY REFERENCE PERIOD CONCEPT 

A z i m u t h *  

0 
15 

30 
45 
60 
75 
90 

105 

120 
135 
150 
165 
1 8 0  
195 

210 
225 
240 
255 
27 0 
285 

300 
3 15 
330 
345 
360 

30% 

1 
3 

5 
8 

10 
10 
10 
10 

7 
5 
2 
1 
1 
2 

5 
7 
8 

10 
10 
10 

11 
9 
5 
2 
1 

5 0% 

2 
4 

6 
9 

11 
11 
1 2  
1 2  

9 
7 
4 
2 
2 
4 

7 
11 
13 
14 
14 
14 

1 5  
1 2  

8 
4 
2 

Percentiles 

7 5% 90% 
( m e t e r s / s e c o n d )  

5 8 
6 8 

8 10  
11 13 
1 2  14 
1 3  15  
14 16 
1 2  15 

10 1 2  
9 11 
6 8 
3 6 
5 9 
9 14 

1 2  17 
1 6  22 
18  25 
20 27 
20 27 
1 9  24 

1 9  23 
17 20 
1 3  1 6  

8 10 
5 8 

95% 

10  
9 

11 
14 
16 
17 
17 
17 

14 
1 2  

9 
8 

11 
1 8  

22 
26 
30 
32 
32 
29 

27 
23 
1 9  
1 3  
10 

99% 

13 
1 3  

14 
1 6  
1 8  
1 9  
1 9  
1 8  

1 6  
14 
1 3  
14 
1 8  
24 

3 1  
36 
4 0  
47 
4 2  
40  

3 4  
27 
22 
16  
1 3  

* D i r e c t i o n  f r o m  w h i c h  w i n d  c o m p o n e n t  i s  blowing. 
R e f e r e n c e d  c l o c k w i s e  f r o m  t rue  north. 
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Based on Six Y e a r s  Rawinsonde 
Serially Complete Data Record 
R-AERO-YT, December 5, 1963 

N 

W 

S 

FIGURE 1. ENVELOPES OF IDEALIZED MONTHLY WIND COMPONENT (HEAD, T A I L ,  
RIGHT CROSS, AND LEFT CROSS) FREQUENCY DISTRIBUTIONS,  FOR 
5 TO 6 KM ALTITUDE, AS A FUNCTION O F  FLIGHT AZIMUTHS, CAPE 
KENNEDY, FLORIDA. BASED ON WINDIEST MONTHLY REFERENCE 
PERIOD CONCEPT. 
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Based on Six Years Rawinsonde 
Serially Complete Data Record 
R-AERO-YT, December  5, 1963 
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W 

S '  

FIGURE 2.  ENVELOPES OF IDEALIZED MONTHLY WIND COMPONENT (HEAD, TAIL,  
RIGHT CROSS, AND LEFT CROSS) FREQUENCY DISTRIBUTIONS, FOR 
10 TO 14 KM ALTITUDE, AS A FUNCTION OF FLIGHT AZIMUTHS, CAPE 
KENNEDY, FLORIDA. BASED ON WINDIEST MONTHLY REFERENCE 
PERIOD CONCEPT. 



Based on Six Years Rawinsonde 
Serially Complete Data Record 
R-AERO-YT, December 5, 1963 
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FIGURE 3 .  ENVELOPES O F  IDEALIZED MONTHLY WIND COMPONENT (HEAL), T A I L ,  
RIGHT CROSS, AND L E F T  CROSS) FREQUENCY DISTRIBUTIONS,  FOR 
18 TO 20 KM ALTITUDE, AS A FUNCTION OF FLIGHT AZIMUTHS, CAPE 
KENNEDY, FLORIDA. BASED ON WINDIEST MONTHLY REFERENCE 
PERIOD CONCEPT. 
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Based on Six  Years  Rawinsonde 
Ser ia l ly  Complete Data Record 
R-AERO-YT, December  5 ,  1963 
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S 

FIGURE 4 .  NINETY-NINE PERCENTILE ENVGLOPES OF I D E L I Z E D  MONTHLY WIND 
COMPONENTS, AS A FUNCTION OF FLIGHT AZIMUTHS, CAPE KENNEDY, 
FLORIDA, BASED ON WINDIEST MDNTHLY REFERENCE PERIOD. 
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Based on Six Y e a r s  Rawinsonde 
Serially Complete Data Record 
R-AERO-YT, December 5, 1963 

S 

FIGURE 5. NINETY-FIVE PERCENTILE ENVELOPES O F  IDEALIZED MONTHLY 
WIND COMPONENTS, AS A FUNCTION OF FLIGHT AZIMUTHS, 
CAPE KENNEDY, FLORIDA. BASED ON WINDIEST MONTHLY 
REFERENCE PERIOD. 
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